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(57) ABSTRACT 

Multi-processor Systems and methods are disclosed. One 
embodiment may comprise a multi-processor System com 
prising a processor having a processor pipeline that executes 
program instructions with data from a speculative fill that is 
provided in response to a Source request, and a backup 
System that retains information associated with a previous 
processor execution State corresponding to an instruction 
asSociated with the Speculative fill. The backup System may 
initiate a backup of the processor pipeline to the previous 
processor execution State if the Speculative fill is determined 
to be non-coherent, and the processor pipeline may continue 
execution of program instructions if the Speculative fill is 
determined to be coherent. 
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MULTI-PROCESSOR SYSTEMS AND METHODS 
FOR BACKUP FOR NON-COHERENT 

SPECULATIVE FILLS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is related to the following com 
monly assigned co-pending patent applications entitled: 
“COHERENT SIGNAL IN A MULTI-PROCESSORSYS 
TEM,” Attorney Docket No. 200314351-1; “CACHE SYS 
TEMS AND METHODS FOR EMPLOYING SPECULA 
TIVE FILLS.” Attorney Docket No. 200314354-1; 
“REGISTER FILE SYSTEMS AND METHODS FOR 
EMPLOYING SPECULATIVE FILLS.” Attorney Docket 
No. 200314386-1; “SYSTEMS AND METHODS FOR 
EXECUTING ACROSS AT LEAST ONE MEMORY BAR 
RIER EMPLOYING SPECULATIVE FILLS.” Attorney 
Docket No. 200314387-1; “MULTI-PROCESSOR SYS 
TEM UTILIZING SPECULATIVE SOURCE 
REQUESTS,” Attorney Docket No. 200314390-1; 
“MULTI-PROCESSOR SYSTEM RECEIVING INPUT 
FROM A PRE-FETCH BUFFER,” Attorney Docket No. 
200314394-1; *SOURCE REQUEST ARBITRATION," 
Attorney Docket No. 200314399-1; “SYSTEMS AND 
METHODS FOR EMPLOYING SPECULATIVE FILLS,” 
Attorney Docket No. 200314388-1; “CONSISTENCY 
EVALUATION OF PROGRAM EXECUTION ACROSS 
AT LEAST ONE MEMORY BARRIER,” Attorney Docket 
No. 200314389-1, all of which are filed contemporaneously 
herewith and are incorporated herein by reference. 

BACKGROUND 

0002 Multiprocessor systems employ two or more com 
puter processors that can communicate with each other, Such 
as over a bus or a general interconnect network. In Such 
Systems, each processor may have its own memory cache (or 
cache Store) that is separate from the main System memory 
that the individual processors can access. Cache memory 
connected to each processor of the computer System can 
often enable faster access to data than if accessed from the 
main System memory. Caches are useful because they tend 
to reduce latency associated with accessing data on cache 
hits, and they work to reduce the number of requests to 
System memory. In particular, a write-back cache enables a 
processor to write changes to data in the cache without 
Simultaneously updating the contents of memory. Modified 
data can be written back to memory at a later time. 
0003) Coherency protocols have been developed to 
ensure that whenever a processor reads or writes to a 
memory location it receives the correct or true data. Addi 
tionally, coherency protocols help ensure that the System 
State remains deterministic by providing rules to enable only 
one processor to modify any part of the data at any one time. 
If proper coherency protocols are not implemented, how 
ever, inconsistent copies of data can be generated. 
0004 Modem microprocessors employ instruction pipe 
lines in order to increase program execution Speeds. A 
SuperScalar processor is a processor that issues multiple 
independent instructions into multiple pipelines or execution 
units allowing multiple instructions to execute in parallel. A 
pre-fetch engine include an instruction fetch unit that fetches 
program instructions which are translated into micro-oper 
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ands by a decoder and assigned a Sequence number by a 
allocation unit. The instructions are streamed into multiple 
execution units that execute in parallel. Once executed, the 
instructions can be retired. 

0005 Microprocessors employ either an in-order pipeline 
which retires instructions in Strict program order, or an 
out-of order pipeline which executes instructions out-of 
order to increase program execution Speed, but requires the 
re-ordering of results prior to retiring instructions. In a 
multi-processor System that employs a cache coherency 
protocol, either pipeline type will Stall during an issuing of 
a Source request as a result of a cache miss. The trend is for 
the ratio of the memory latency to the processor cycle time 
to grow in future microprocessor applications. This trend 
results in cache misses Serviced by the System to become an 
increased portion of the execution time of an application. 

SUMMARY 

0006. One embodiment of the present invention may 
comprise a multi-processor System. The multi-processor 
System may comprise a processor having a processor pipe 
line that executeS program instructions with data from a 
Speculative fill that is provided in response to a Source 
request. The multi-processor System may comprise a backup 
System that retains information associated with a previous 
processor execution State corresponding to an instruction 
asSociated with the Speculative fill. The backup System may 
initiate a backup of the processor pipeline to the previous 
processor execution State if the Speculative fill is determined 
to be non-coherent, and the processor pipeline may continue 
execution of program instructions if the Speculative fill is 
determined to be coherent. 

0007 Another embodiment of the present invention may 
comprise a System having a plurality of processor nodes in 
communication with each other. The System may comprise 
a Source processor node that includes a processor pipeline 
that executeS program instructions with a speculative data 
fill that is received in response to a Source request, and a 
backup System that retains processor pipeline State informa 
tion related to the Source request. The System may employ 
a protocol that causes the System to provide a coherent Signal 
that can be employed to determine if the Speculative data fill 
is coherent. The backup System may return the processor 
pipeline to a previous processor execution State if it is 
determined that the Speculative data fill is not coherent. 
0008 Still another embodiment of the invention may 
comprise a miss address file (MAF) entry associated with a 
Source request provided by a Source processor in a multi 
processor system that employs speculative fills. The MAF 
entry may comprise a field that identified an address of a 
cache line associated with the Source request, and at least 
one field that contains backup information that can be 
employed to return the Source processor to a previous 
processor execution State in the event that a speculative data 
fill employed by the Source processor corresponding to the 
Source request is determined to be non-coherent. 
0009. Yet another embodiment may comprise a multi 
processor System that employs a cache coherency protocol. 
The System may comprise means for providing a speculative 
data fill in response to a Source request issued by a Source 
processor, means for retaining backup information corre 
sponding to a processor execution State at a first user 
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program instruction, the first user program instruction cor 
responds to a first program instruction that employs the 
Speculative fill data associated with the Source request, 
means for executing program instructions associated with 
the Source processor employing the Speculative data fill, and 
means for returning the processor execution to a processor 
execution State at the first user program instruction, if it is 
determined that the Speculative data fill contains non-coher 
ent data. 

0.010 Another embodiment may relate to a method of 
executing program instructions employing a speculative fill 
in a multi-processor System. The method may comprise 
executing program instructions with data from a speculative 
fill that is provided to a processor in response to a Source 
request. The method may further comprise Storing informa 
tion corresponding to a processor execution State associated 
with the Speculative fill, and backing the processor to the 
processor execution State based on the Stored information, if 
data from the speculative fill that is employed by the 
processor is determined to be non-coherent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011) 
System. 

FIG. 1 depicts an example of a multiprocessor 

0012 FIG. 2 depicts an example of another multiproces 
Sor System. 

0013 FIG. 3 illustrates a system diagram associated with 
a Source read request. 
0.014 FIG. 4 illustrates a system diagram associated with 
a Source node or processor receiving Speculative fills. 
0.015 FIG. 5 illustrates a block diagram of a miss address 

file (MAF) entry. 
0016 FIG. 6 depicts an example of a processor system. 
0017 FIG. 7 depicts an example of an in-order pipeline. 
0.018 FIG. 8 depicts an example of an out-of-order 
pipeline. 
0.019 FIG. 9 depicts a method employing a speculative 

fill in the event of a local cache miss in a multi-processor 
System. 

0020 FIG. 10 depicts a method for storing backup fields 
for backing up a processor pipeline in the event that a 
Speculative fill is non-coherent. 
0021 FIG. 11 depicts a flow diagram illustrating a 
method associated with a Source request. 

DETAILED DESCRIPTION 

0022. This disclosure relates generally to systems and 
methods for processor Speculation and backup in a multi 
processor System. A Source processor employs a speculative 
data fill in response to Source request. A Source request is a 
request for data associated with a cache line from the 
multi-processor System. The Source request will be gener 
ated in response to a processor load or Store instruction that 
experiences a cache miss, Such that the requested memory 
block or data fill associated with a cache line does not reside 
in the processor's local cache. A data fill refers to a copy of 
a memory block associated with a given cache line. The 
Source processor can employ one or more speculative fills or 
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copies of the requested data to continue program instruction 
execution, until a coherent fill is returned from the multi 
processor System. Once the coherent fill is returned, the 
Source processor can continue execution if the Speculative 
fill is the same as the coherent fill or backup and re-execute 
program instructions if the Speculative fill is different from 
the coherent fill. 

0023 The systems and methods can operate in a multi 
processor communication System that employ a coherent 
Signal that is a separate indicator from a data fill associated 
with a response to a Source request. The coherent Signal 
indicates which of one or more copies of a data fill returned 
in response to a Source request is a coherent copy of the data. 
A coherent copy of data is a copy that is determined to be the 
latest or most up to date version. 
0024. The system and methods can store state informa 
tion associated with a processor execution backup State or 
backup point. The State information can be employed to Set 
a cache System to a cache State associated with the processor 
backup point and to Set a register file System to a register file 
State associated with the processor backup point. Many of 
the following examples are illustrated with respect to a 
backup point associated with a processor execution State at 
a first user program instruction, which is the first program 
instruction that employs data from a respective speculative 
fill. However, other processor backup points can be Selected 
to return the processor to a previous execution State asso 
ciated with the determination of a non-coherent speculative 
fill. 

0025 FIG. 1 depicts an example of a system 10 that can 
employ speculative fills and backup to facilitate processor 
execution Speed. Additionally, the System 10 can utilize a 
coherent signal to indicate which portion (e.g., field, block, 
quantum) of a given data fill is coherent. Furthermore, the 
System 10 can employ a coherent Signal to indicate which of 
a plurality of responses to a plurality of requests have 
returned coherent copies of data fills. The system 10 illus 
trates a multi-processor environment that includes a plurality 
of processors 12 and 14 (indicated at PROCESSOR 1 
through PROCESSOR N, where N is a positive integer 
(N>1)). The system 10 also includes memory 16, which can 
be implemented as a globally accessible aggregate memory. 
For example, the memory 16 can include one or more 
memory storage devices (e.g., dynamic random access 
memory (DRAM)). 
0026. The processors 12-14 and memory 16 define nodes 
in the System that can communicate with each other via 
requests and corresponding responses through a System 
interconnect 18. For example, the system interconnect 18 
can be implemented as a Switch fabric or a hierarchical 
Switch. Also associated with the system 10 can be one or 
more other nodes, indicated schematically at 20. The other 
nodes 20 can correspond to one or more other multi 
processor Systems connected to the System interconnect 18, 
Such as through an appropriate interconnect interface (not 
shown). 
0027 Each of the processors 12-14 includes at least one 
corresponding cache 22-24. For purposes of brevity, each of 
the respective caches 22-24 are depicted as unitary memory 
devices, although they may include a plurality of memory 
devices or different cache levels. Each of the caches 22-24 
contains a plurality of cache lines. Each cache line has an 
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asSociated address that identifies corresponding data Stored 
in the line. The cache lines can also include information 
identifying the State of the data for the respective lines. 
0028. The system thus employs the caches 22-24 and the 
memory 16 to store blocks of data, referred to herein as 
“memory blocks” or “data fills”. A memory block or data fill 
can occupy part of a memory line, an entire memory line or 
span acroSS multiple lines. For purposes of Simplicity of 
explanation, however, it will be assumed that a “memory 
block occupies a single “memory line' in memory or a 
“cache line' in a cache. Additionally, a given memory block 
can be stored in a cache line of one or more caches as well 
as in a memory line of the memory 16. 
0029. The system 10 implements a cache coherency 
protocol to manage the sharing of memory blockS So as to 
guarantee coherence of data. The cache coherency protocol 
of the system 10 utilizes a plurality of states to identify the 
State of each memory block Stored in a respective cache line 
and the memory 16. The coherency protocol establishes 
rules for transitioning between States, Such as if data is read 
from or written to memory 16 or one of the caches 22-24. 
0.030. As used herein, a node that issues a source request, 
Such as a read or write request, defines a Source node. Other 
nodes within the system 10 are potential targets of the 
request. Additionally, each memory block in the System 10 
can be assigned a “home node' that maintains necessary 
global information and a data value for that memory block. 
The home node can be defined as a processor (or central 
processing unit), associated cache and associated memory/ 
directory. 

0.031) For example, when a source node, such as the 
processor 12, requires a copy of a given memory block, it 
typically first requests the memory block from its local, 
private cache by identifying the address associated with the 
memory block. If the data is found locally, the memory 
access is resolved without communication via the System 
interconnect 18. Where the requested memory block is not 
found locally, the Source node 12 can request the memory 
block from the system 10, including the memory 16. In 
addition to the request identifying an address associated with 
the requested memory block, the request usually identifies 
the type of request or command being issued by the 
requester. 

0032. By way of example, assume that the processor 12 
(a Source node) requires a copy of data associated with a 
particular address, and assume that the data is unavailable 
from its own local cache 22. Since the processor 12 is unable 
to access the data in its local cache 22, the processor 12, as 
the Source node, transmits a Source request to other nodes 
and memory 16 via the system interconnect 18. For 
example, the request can correspond to a Source read request 
for a memory block associated with the address identified in 
the request. The request also can identify what type of 
request is being issued by Source node 12. 
0033. In a directory based cache coherency protocol, the 
Source request is transmitted from the Source processor 12 to 
a home node in the system 10. The home node retains 
location information (e.g., in a directory) of the owner of the 
requested cache line. The home node provides a forward 
Signal to the owner. The owner then responds with a 
coherent data fill, which is received by the requester. The 
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System 10 can also return a coherent Signal indicating that 
the coherent data fill is the coherent copy of the requested 
cache line. The coherent Signal can be provided before, after 
or concurrently with the coherent data fill. Based on the type 
of request, the cache coherency protocol can continue 
executing to change States of one or more copies of the 
memory block in the System. 

0034. During execution of the cache coherency protocol, 
the requesting node is provided with one or more data fills 
associated with the memory block. The data fill is a copy of 
the memory block associated with a requested cache line. 
The data fill can be a speculative fill. A speculative fill is a 
data fill that may or may not be the latest version of the 
memory block. Speculative fills can be provided by a local 
cache, a local processor (e.g., within a multi-processor 
group), a remote processor, a home node or a speculative 
guess Structure. The Speculative guess Structure can be 
implemented by employing a speculative table, Speculative 
engine or Separate cache Structure that maintains speculative 
copies of memory blocks. The speculative fills allow the 
requesting processor to execute Several thousands of pro 
gram instructions ahead prior to receiving a coherent copy of 
the requested memory block. 

0035) Subsequent data fills can be provided to the 
requesting node until the coherent signal is received indi 
cating which data fill is coherent. These Subsequent data fills 
can be ignored. Alternatively, if the Subsequent data fill is 
different from the speculative fill used by the Source pro 
ceSSor to continue execution, the processor can backup and 
re-execute program instructions. This may be the case if it is 
determined that a Subsequent fill is more likely coherent than 
the original fill employed by the processor to continue 
execution. 

0036) Once the coherent signal is received, the source 
processor can determine whether the current speculative fill 
employed by the processor to continue execution is the same 
as the coherent data fill. If the coherent data fill is different 
from the Speculative fill, the processor can back up and 
re-execute program instructions with the new data. If the 
coherent data fill is the same as the Speculative fill, the 
processor can continue execution, thus mitigating latency 
caused by the processor remaining in an idle State until a 
coherent version of the requested memory block is received. 
The Source then backs up and begins executing again with 
the new data, but loses little or no time from the execution 
of the Speculative fill as the Source would have remained 
latent during the retrieval of the coherent copy regardless. 
The cache coherency protocol can continue executing after 
the coherent copy is retrieved to change States of one or 
more copies of the memory block in the System based on the 
request (e.g., read, write) of the Source. 
0037 Information associated with each source request is 
retained in the event of a processor backup. The Source 
processor includes a cache System that can be set to a cache 
State and a register file System that can be set to a register file 
State associated with a processor backup State in the event of 
execution with a non-coherent speculative fill. A pointer or 
indeX can be retained that points to a location in the cache 
System or a log that retains information associated with the 
cache State corresponding to the State of the cache at a the 
processor backup State. Additionally, a pointer or indeX can 
be retained that points to a location in the register file System 
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or a log that retains information associated with the register 
file corresponding with the State of the register file prior to 
execution with a speculative data fill. If the processor 
employs an out-of-order pipeline, the register rename map 
that points to the backed up locations of the register file is 
operative to be reset during a processor backup. 
0.038. The source processor also stores information asso 
ciated with the State of the program counter of the processor 
pipeline at a backup point. The backup point can be a first 
user program instruction. The first user program instruction 
is the first instruction that utilizes the data requested from the 
Store or load instruction initiated by the processor pipeline. 
Furthermore, the State of the register load files associated 
with each register load instruction prior to the first user 
program instruction and Subsequent to the data request 
instruction can be retained, So that the registers can be 
reloaded with the new coherent data. 

0.039 FIG. 2 depicts an example of a multiprocessor 
computing system 50. The system 50, for example, includes 
an SMP (symmetric multi-processor) node 52 that includes 
processors (P1, P2, P3, P4) 54, 56, 58 and 60 in communi 
cation with each other via an interconnect 62. The intercon 
nect 62 facilitates transferring data between processors and 
memory of the system 50. While four processors 54-60 are 
depicted in the example of FIG. 2, those skilled in the art 
will appreciate that a greater or Smaller number of proces 
sors can be implemented in the node 52. 
0040. Each processor 54-60 also includes an associated 
cache 64, 66, 68 and 70. The caches 64-70 can enable faster 
access to data than from an associated main memory 72 of 
the node 52. The system 50 implements a cache coherency 
protocol designed to guarantee coherency of data in the 
System. By way of example, the cache coherency protocol 
can be implemented to include a directory based protocol in 
which requests for data are transmitted to a home node, 
which retains owner information in a directory associated 
with a given cache line. Alternatively, the cache coherency 
protocol can be implemented to include a Source broadcast 
protocol in which a request is transmitted to all nodes in the 
System. Furthermore, a null-based protocol can be employed 
in which a home node receives a request and issues a Source 
broadcast for the requested data. 
0041. The memory 72 can include multiple memory 
modules (M1, M2, M3, M4) 74,76, 78 and 80. For example, 
the memory 72 can be organized as a Single address Space 
that is shared by the processors 54-60 as well as other nodes 
82 of the system 50. Alternatively, each memory module 
74-80 can be associated with a respective one of the pro 
cessors 54-60. Each of the memory modules 72-78 can 
include a corresponding directory 84, 86, 88 and 90 that 
defines how the memory blocks are apportioned in each 
respective module as well as where the corresponding 
coherent copy of data should reside in the system 50. The 
coherent copy of data, for example, may reside in the home 
memory module or, alternatively, in a cache of one of the 
processors 54-60. 
0042. The other node(s) 82 can include one or more other 
SMP nodes associated with the SMP node 52 via the 
interconnect 62. For example, the interconnect 62 can be 
implemented as a Switch fabric or hierarchical Switch pro 
grammed and/or configured to manage transferring requests 
and responses between the processors 54-60 and the 
memory 70, as well as those to and from the other nodes 82. 
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0043. When a processor 56 requires desired data, the 
processor 56 operates as a Source node and issues a Source 
request (e.g., a read request or write request) to the System 
50. In a directory based protocol, a home node responds to 
the request by providing a forwarding Signal to an owner 
processor. The owner processor returns a coherent copy of 
the data fill. The cache coherency protocol implemented in 
the System 50 is designed to ensure that a correct copy of the 
data is returned in response to the Source request. The System 
50 can also return a coherent Signal that indicates that the 
copy returned from the owner processor is the coherent 
version of the requested data. 
0044) Furthermore, the source processor can receive 
Speculative copies or fills of the requested data in response 
to the Source request. The Source processor can employ the 
Speculative copy to execute Several thousands of instructions 
ahead prior to receiving a coherent version of the data. 
Speculative fills can be provided by a local processor (e.g., 
within a multi-processor group), a remote processor, a home 
node or a speculative guess Structure, Such as a speculative 
table, Speculative engine or Separate cache Structure that 
maintains Speculative copies of memory blockS. Subsequent 
data fills can be provided to the requesting node until the 
coherent Signal is received indicating which data fill is 
coherent. These Subsequent data fills can be ignored. Alter 
natively, if a subsequent data fill is different from the 
Speculative fill used by the Source processor to continue 
execution, the processor can backup and re-execute program 
instructions. This may be the case if it is determined that a 
Subsequent fill is more likely coherent than the original fill 
employed by the processor to continue execution. 
004.5 Each processor retains backup information associ 
ated with each Source request in the event of a processor 
backup. Each processor includes a cache System and a 
register file System that can be set to a State associated with 
a processor backup State in the event of execution with a 
Speculative fill that is non-coherent. A pointer or indeX can 
be retained that points to a location in the cache System or 
a log that retains information associated with a cache State 
at the processor backup point. Additionally, a pointer or 
indeX can be retained that points to a location in the register 
file System or a log that retains information associated with 
a register file State at the processor backup point. If the 
processor employs an out-of-order pipeline, the register 
rename map that points to the backed up locations of the 
register file is operative to be reset during a processor 
backup. The Source processor also Stores information asso 
ciated with the State of the processor pipeline when a first 
user program instruction associated with the requested data 
is encountered. Furthermore, the State of the register load 
files associated with each register load instruction prior to 
encountering the first user program instruction can be 
retained, So that the registers can be reloaded with the new 
coherent data. 

0046) Once a coherent data fill is received in response to 
a Source request, the Source processor can determine 
whether the current speculative fill employed by the source 
processor to continue execution is the same as the coherent 
data fill. If the coherent data fill is different from the 
Speculative fill, the processor can back up and re-execute 
program instructions with the new data. The processor can 
backup its associated pipeline by backing up the program 
counter to the first user program instruction, Setting the 



US 2005/0154865 A1 

cache to a backup point via the backup pointer or indeX to 
the cache backup System, and Setting the register file to a 
backup point via the backup pointer or indeX to the register 
file backup System. Additionally, loaded register files can be 
reloaded with the coherent fill data. If the pipeline is an 
out-of-order pipeline, the register rename map can be reset. 
If the coherent data fill is the same as the speculative fill, the 
processor can continue execution of new program instruc 
tions without backing up. 

0047. In an alternate embodiment, a comparison is per 
formed between bytes of the coherent data fill and the 
Speculative fill that are employed by the processor pipeline. 
If none of the bytes employed by the processor pipeline are 
different between the speculative fill and the coherent data 
fill, the coherent data fill is loaded into the local cache but 
no backup occurs. If bytes employed by the processor 
pipeline are different between the speculative fill and the 
coherent data fill, the coherent data fill is loaded into the 
local cache and a backup occurs. 

0.048 FIG. 3 illustrates a system diagram 130 associated 
with a Source read request in the event of a cache miss in a 
multi-processor System. The System diagram includes ref 
erence numerals (1-5) that indicate one or more communi 
cation orders associated with the System diagram. A Source 
node or processor 132 initiates a read request, which is 
received by a home node 134. The home node 134 retains 
information indicating the owner of the requested cache line. 
This information is stored in a directory in memory associ 
ated with the home node 134. The source read request is also 
received by one or more other entities and/or Structures of 
the multi-processor System. For example, one or more local 
processors (e.g., a processor part of a multi-processor group 
or node), a remote processor, or Some other local or remote 
Structure residing in a multi-processor group with the 
Source. At least one or more of these other entities and/or 
Structures provide copies of the requested cache line to the 
Source. The copies of the requested cache line are referred to 
as Speculative fills, Since it is not known at this time whether 
or not these copies are coherent. One of the Speculative fills 
are employed by the Source processor to continue executing 
its program instructions. The Source processor also retains 
information to allow the processor pipeline to backup to a 
previous processor execution State in the event the Specu 
lative fill employed by the processor pipeline is non-coher 
ent. 

0049. The multi-processor system continues execution of 
its cache coherency protocol, while the Source processor 
executes with the speculative fill. The home node 134 
determines the owner 136 of the cache line requested from 
a home directory. The owner 136 of the cache line is the 
node or processor that has the latest version of the cache line. 
The latest version of the cache line can reside in a cache 
asSociated with a local or remote processor, or the latest 
version of the cache line can reside in memory. The owner 
can be a cache associated with a processor or a memory 
asSociated with the System or one or more processors. The 
home node 134 then provides a forward request to the owner 
136. The owner 136 provides a read reply by providing a 
coherent copy of the requested data associated with the 
requested cache line to the Source 132. 
0050. A coherent signal is provided to the source. The 
coherent Signal is an indicator that provides an indication to 
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the source that the copy provided by the owner is the 
coherent version of the cache line. In the example of FIG. 
3, the coherent signal is provided by the owner. However, 
the coherent Signal can be provided by control logic asso 
ciated with the multi-processor System, by the home node 
136 or by some other structure in the multi-processor 
System. The coherent Signal can be a structure Such as a data 
packet, or a tag associated with each data fill that is marked 
to indicate which of the data fills are coherent, or a tag 
asSociated with only the coherent version of the cache line. 
The coherent Signal can be a mask or vector that indicated 
which portions (e.g., data fields, data quantums, data blocks) 
of a data fill are coherent. Additionally, the coherent Signal 
can be a mask or vector that indicates which of a plurality 
of responses to a plurality of requests have returned coherent 
copies. The coherent Signal can be sent prior to, after or 
concurrently with the coherent version of the cache line. 
0051. In response to the source receiving the coherent 
Signal, a comparison is performed of the coherent fill and the 
Speculative fill employed by the Source to continue program 
execution. If the coherent data fill is different from the 
Speculative fill, the Source can back up the program counter 
to the first user program instruction, reset the cache, register 
files and register map, reload the registers associated with 
the requested data and re-execute program instructions with 
the new coherent data. If the coherent data fill is the same as 
the Speculative fill, the Source can continue execution of 
program instructions, which can be Several thousand instruc 
tions ahead of where the program would be without employ 
ing the Speculative fill. 

0052 Alternatively, a comparison can be performed 
between bytes of the coherent data fill and the speculative fill 
that are employed by the processor pipeline. If none of the 
bytes employed by the processor pipeline are different 
between the speculative fill and the coherent data fill, the 
coherent data fill is loaded into the local cache but no backup 
occurs. If bytes employed by the processor pipeline are 
different between the speculative fill and the coherent data 
fill, the coherent data fill is loaded into the cache and a 
backup occurs. 

0053 FIG. 4 illustrates a system diagram 140 associated 
with a Source node or processor 141 receiving speculative 
fills in response to a Source request in the event of a cache 
miss in a multi-processor System. The Source node or 
processor 141 can receive speculative fills from a local 
cache 142. The local cache 142 may have a copy of the 
memory block, which may or may not be the same as the 
coherent version residing Somewhere in the multi-processor. 
This can occur in an upgrade miss, which by definition 
means that there is already a copy of the memory block in 
the local cache 142, such that the copy of the memory block 
can Serve as a speculative fill. When the upgrade miss 
returns, a coherent signal will occur if the upgrade occurred 
to the value that was already present in the cache. If a new 
value is obtained, the new value will cause the Source 141 
to backup and re-execute program instruction with the new 
value. 

0054 Another example, is a full-block write where by 
definition all data values in a memory block associated with 
a cache line are going to be written by the execution Stream. 
In this example, the System returns an acknowledgement 
that the line is coherent (all other copies have been invali 
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dated). Similar to upgrade misses, the Source begins execut 
ing upon receiving a full-block miss. When the System 
returns a coherent Signal, the coherent Signal is passed to the 
Source 141 to allow instructions to Start retiring. 

0.055 The source node or processor 141 can receive 
Speculative fills from a local processor 143. A local proces 
Sor 143 is a processor that is within a node or multi 
processor group with the Source 141. The local processor 
143 may have a copy of the cache line in its cache, which 
may be a Stale version or a coherent version. The local 
processor 143 can provide this copy in the form of a 
Speculative fill to the Source. Additionally, a speculative fill 
can be provided by a remote processor 144 that can provide 
a speculative fill prior to the time necessary in providing the 
coherent fill. A remote processor is a processor that is not 
within a node or multi-processor group with the Source 141. 
A home node 146 or processor can also provide a speculative 
fill. 

0056. The multi-processor system can also include a 
Speculative guess Structure 148 operative to provide specu 
lative fills. For example, the Speculative guess Structure 148 
can be a speculative engine can be employed to provide 
Speculative fills in response to Source requests. The Specu 
lative engine can be a dedicated processor and/or memory 
that returns Speculative copies of cache lines. The Specula 
tive guess Structure 148 can be a Storage Structure local to 
the Source processor 141 that maintains speculative copies 
of cache lines in a table or Some other form. The speculative 
guess Structure 148 can monitor cache copies transmitted 
over the System, Such that the Speculative fills are similar to 
a substantial portion of the coherent fills transmitted over the 
System. 

0057 FIG. 5 illustrates a block diagram of a miss address 
file (MAF) entry 160 that can be employed to initiate backup 
of a processor pipeline in the event of execution of a 
speculative fill that is not coherent. A MAF entry is gener 
ated by a Source each time a Source request for a new cache 
line is generated over the system. The MAF entry 160 
contains fields associated with an outstanding request cor 
responding to a cache miss for a respective cache line. The 
MAF fields can include the cache line address being 
requested 162, the copy of the latest fill block 164 returned 
by the system and a coherent flag 166 that provides an 
indication of whether or not the coherent Signal has been 
received. 

0058. The MAF entry 160 also includes fields for initi 
ating a backup of the processor pipeline. The MAF entry 160 
includes a MAF entry live flag field 168. The MAF entry live 
flag 168 indicates that a first user program instruction has 
been encountered by the processor pipeline. The first user 
program instruction is the first instruction that employs the 
requested data. The MAF entry 160 also includes a register 
load scoreboard 170. The register load scoreboard 170 
includes entries for each register that is a destination of a 
load instruction prior to encountering the first user program 
instruction and Subsequent to an instruction that causes the 
Source request. Each entry in the Scoreboard includes a 
register number, a load inum number which is a unique 
ascending number assigned at load time, a location in the 
cache line accessed by the load instruction associated with 
the respective register and a not live at first user flag. The not 
live at first user flag is a flag that indicates whether or not a 
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register was overwritten before the first user program 
instruction has been encountered. 

0059) The MAF entry 160 also includes an index into the 
cache backup system field 172. This index can be a pointer 
into a log or a cache backup System associated with the State 
of the local cache at a backup point. The MAF entry 160 also 
includes an indeX into the register file backup System field 
174. This indeX can be a pointer into a log or a register 
backup file associated with the State of the register file at a 
backup point associated with the processor backup State. The 
MAF entry 160 also includes the address of the first user 
program instruction field 176. The address of the first user 
program instruction can be employed to Set the program 
counter to the first user program instruction. 
0060. The following program example illustrates a first 
user program instruction: 

0061 0001 Load R11, 12(R14) #Access address 
formed as 12+R14 (cache line 88000). 

0062 0002 Add R16, R12->R13 
0063 0003 Load R3, 24(R14) #Access 24+R14 (also 
in cache line at 88000) 

0064 0004 Sub R6, R7->R2 
0065 0005 Mov R3, R8# First use of data from cache 
line 88000 (accesses R3) 

0066 0006 Xor R8, #16, R8 
0067 0007 CMP R8, R11, R13 

0068. In the above example, it can be assumed that a 
cache miss occurs with the Load R11 instruction in line 
“0001” and this initiates a MAF entry for cache line 88000. 
When the Load R3 instruction in line “0003’ is encountered 
a miss will also occur and is in the same cache line 88000. 
So a scoreboard entry will be created for the Load R3. The 
Mov R3 instruction in line “0005” is the first program 
instruction that uses either R11 or R3 and hence is the 
first-user program instruction in this example. However, if 
the Load R3 in instruction “0003” was to a different cache 
line than Load R11 in line “001 then the first-user program 
instruction would be the CMP R8, R11 in line “0007” 
because that is the first one to use the R11 data. 

0069. Each time a new fill is received, the source deter 
mines if the data fill in the MAF entry 160 is the same as the 
Speculative fill utilized by the Source to continue execution. 
If the new fill is different, the source replaces the previous 
data fill with the new fill. If the Subsequent data fill is 
different from the speculative fill used by the source pro 
ceSSor to continue execution, the processor may backup and 
re-execute program instructions. This may be the case if it is 
determined that a Subsequent fill is more likely coherent than 
the original fill employed by the processor to continue 
execution. 

0070 The source also checks to see if the state of the 
coherent flag 166 has changed indicating that the coherent 
Signal has been received. Once the coherent flag 166 
changes State, the Source can compare the coherent fill 164 
stored in the MAF entry 160 with the speculative fill used to 
continue execution of the processor to determine if execu 
tion should continue or whether the processor needs to 
re-execute the program instructions with the coherent data. 
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0.071) If the coherent data fill is different from the specu 
lative fill, the Source can load the cache with the coherent 
fill, reset the cache to the backup point via the indeX into the 
cache backup System, reset the register file to the backup 
point via the indeX into the register file backup System, reset 
the register rename map (e.g., for an out-of-order pipeline), 
reload the registers based on the register Scoreboard, Set the 
program counter to the first user program instruction and 
re-execute program instructions with the new coherent data. 
If the coherent data fill is the same as the speculative fill, the 
Source can continue execution of program instructions with 
out the need to backup. Alternatively, a comparison can be 
performed of bytes from the speculative fill and the coherent 
fill associated with register loads in the register Scoreboard. 
If the bytes are the same, the registers have been loaded with 
the correct values and a backup is not necessary. If the bytes 
are not the Same, the registers have been loaded with the 
incorrect values and a backup is necessary. 
0072 FIG. 6 illustrates a processor system 200 that 
employs one or more MAF entries for processor Speculation 
and backup in a multi-processor system. The system 200 
includes an execution engine 202 that is executing instruc 
tions associated with a processor pipeline 203. During a load 
or Store instruction, the execution engine 202 Searches a 
local cache 208 to determine if the cache line associated with 
the load or store instruction resides in the local cache 208. 
If the cache line does not reside in the local cache 208, the 
execution engine 202 initiates a cache miss to a request 
engine 214. The request engine 214 determines if a previous 
MAF entry resides in a MAF 216. The MAF 216 can include 
NMAF entries, where N is an integer greater than or equal 
to one. Each MAF entry is associated with a Source request 
for a cache line. 

0073) If a MAF entry associated with the cache line 
corresponding to the load or Store instruction resides in the 
MAF 216, a previous unresolved source request has been 
issued over the System. If the processor instruction is a load 
instruction, the register associated with the load instruction 
is added to the register Scoreboard associated with the 
previously unresolved MAF entry. Each entry in the register 
Scoreboard includes a register number, a load inum number 
which is a unique ascending number assigned at load time, 
a location in the cache line accessed by the load instruction 
asSociated with the respective register and a not live at first 
user flag. The not live at first user flag is a flag that indicates 
whether or not a register was overwritten before the first user 
program instruction has been encountered. 
0.074. If a MAF entry associated with the cache line 
corresponding to the load or Store instruction does not reside 
in the MAF 216, the request engine 214 creates a new MAF 
entry and issues a Source request over the System via a 
system interconnect 220. A MAF can be implemented as a 
table, an array, a linked list or other data Structure pro 
grammed to manage and track requests for each cache line. 
The MAF entry includes fields that identify, for example, the 
address of the data being requested, the type of request, and 
response information received from other nodes in response 
to the request. The request engine 214 thus employs a MAF 
216 having one or more MAF entries to manage requests 
issued by the request engine 214 as well as responses to Such 
requests. 

0075. The MAF entry associated with a given source 
request also includes fields for initiating a backup of a 
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processor pipeline. The MAF entry includes a MAF entry 
live flag field. The MAF entry live flag indicates that a first 
user program instruction has been encountered by the pro 
ceSSor pipeline. The first user program instruction is the first 
instruction that employs the requested data. The MAF entry 
also includes an indeX into a cache backup System 210. This 
indeX can be a pointer into a log or a cache backup file 
associated with the state of the local cache 208 at a processor 
execution backup point. The MAF entry also includes an 
index into a register file backup system 206. This index can 
be a pointer into a log or a register backup file associated 
with the State of a register file 204 at a processor execution 
backup point. The MAF entry also includes the address of 
the first user program instruction. The address of the first 
user program instruction can be employed to backup the 
program counter to the first user program instruction. 
0076 A speculative fill is provided to the request engine 
214 by a speculative fill structure 218 in response to a source 
request. The Speculative fill Structure 218 can be a tagless 
relatively large cache-like Structure local or remote to the 
system 200. If the speculative fill structure 218 has a 
Substantial number of entries (e.g., 32 times more entries 
than the local cache 204), the speculative fill structure 218 
will have relatively good accuracy and a large number of 
speculative fills will be coherent. The entries in the specu 
lative fill Structure can be obtained by monitoring cache 
lines transmitted over the multi-processor System. 

0077. The speculative fill is stored in a copy of latest fill 
block field in the MAF entry associated with the correspond 
ing Source request Via the request engine 214. A fill/backup 
control System 212 retrieves a copy of the Speculative fill 
from the MAF entry and provides the speculative fill to the 
processor pipeline 203. The processor pipeline 203 employs 
the Speculative fill to continue execution of program instruc 
tions. As new fills are received from the system, the fill/ 
backup control system 212 compares the new fills with the 
copy of latest fill block field of the MAF entry. If the new 
fill is different then the copy of the latest fill is overwritten 
with the new fill. These subsequent data fills can be ignored 
by the processor pipeline, until a coherent Signal is received. 
Alternatively, if the subsequent data fill is different from the 
Speculative fill used by the Source processor to continue 
execution, the processor can backup and re-execute program 
instructions. This may be the case if it is determined that a 
Subsequent fill is more likely coherent than the original fill 
employed by the processor to continue execution. 

0078. The fill/backup control system 212 also provides an 
interface between the processor pipeline 203 and the MAF 
entry. The fill/backup control 212 analyzes the processor 
instructions and updates backup fields associated with the 
MAF entry. For example, the fill/backup control system 212 
will receive backup field updates Such as the address of the 
first user program instruction for an associated Source 
request. The fill/backup control system 212 will store the 
address of the first user program instruction in the first user 
program instruction field and set the MAF entry live flag. 
The MAF entry live flag provides an indication that the first 
user program instruction has been encountered and that a 
coherent fill that does not match the speculative fill will 
cause a processor execution backup. 

007.9 The fill/backup control system 212 will determine 
Subsequent load instructions after the instruction that causes 
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the Source request and prior to the first user program 
instruction. The fill/backup control system 212 will store the 
register number, the inum of the load, the location in the line 
accessed by the load instruction and Set the not live at first 
user flag if the register has been overwritten by another 
instruction before the first user-instruction, and reset the not 
live at first user flag if the register has not been overwritten 
by another instruction before the first user-instruction. The 
fill/backup control system 212 will also receive and store in 
the MAF entry an index into the cache backup system 210 
and an indeX into the register backup System 206. 
0080. The fill/backup control system 212 monitors a 
coherent flag field in the MAF entry to determine if the 
coherent flag has changed State, which is an indication that 
the coherent Signal has been received. Once the coherent 
Signal is received from the System, the request engine 214 
changes the state of the coherent flag field in the MAF entry. 
0081. The fill/backup control system 212 detects the 
change in the State of the coherent fill and retrieves a copy 
of the latest fill block, which corresponds to the coherent 
version of the data fill. The fill/backup control system 212 
then compares the speculative fill provided by the fill/ 
backup control system 212 to the processor pipeline 203 
with the coherent fill. 

0082 If the coherent data fill is different from the specu 
lative fill and the MAF entry live flag is set, the fill/backup 
control system 212 provides the coherent fill to the processor 
pipeline 203. The fill/backup control system 212 then resets 
the program counter with the first user program instruction 
address, Sets the cache backup System 210 to a cache State 
asSociated with the first user program instruction via the 
indeX into the cache backup System 210, Sets the register file 
204 to a register file state associated with the first user 
program instruction via the indeX into the register file 
backup 206 and loads the new fill into the local cache 208. 
The fill/backup control system 212 then loads the registers 
in the register scoreboard with data from the coherent fill, 
except registers that have a not live at first user flag Set. 
Additionally, other MAF entries are examined and any 
Scoreboard entries or first-user program instructions occur 
ring later than the backup point are removed for the respec 
tive MAF entries. The processor pipeline 203 can then begin 
executing program instructions again with the new coherent 
data. 

0083) If the coherent data fill is the same as the specu 
lative fill, the fill/backup control system 212 provides the 
coherent Signal to the processor pipeline 203 indicating that 
the processor pipeline 203 has already been provided with 
the coherent data. The processor pipeline 203 can continue 
execution, until another load or Store instruction is encoun 
tered. The MAF entry is then removed from the MAF 216. 
Although the fill/backup control system 212 is illustrated as 
a single functional element, it is to be appreciated that the 
filu backup control 212 can be one or more functional 
elements, Such as a separate fill control and a separate 
backup control. 
0084. Alternatively, speculative and coherent data asso 
ciated with register loads in the register Scoreboard can be 
compared to determine if any of the registers have been 
loaded with non-coherent data. If the registers have been 
loaded with non-coherent data, then the processor is backed 
up as discussed above. Otherwise, the processor can con 
tinue execution with the Speculative fill. 
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0085. It is to be appreciated that any probes from the 
System, will only See data changes by truly coherently 
retired Stores and will not See any data from Stores executed 
based on a speculative fill. Additionally, any fence or 
memory barrier instruction will cause the pipeline to drain 
Such that no memory reference after a fence or barrier will 
be executed until all coherent data has been resolved. 
Furthermore, any read or write to an input/output (I/O) 
control status register (CSR) will cause the pipeline to drain 
due to side effects associated with I/O CSRS. 

0.086 FIG. 7 illustrates an in-order pipeline 240 with 
backup capabilities. The in-order pipeline 240 includes a 
branch predictor 246, a pre-fetch engine 244 that includes a 
program counter (not shown) and an instruction cache 242. 
The pre-fetch engine 244 retrieves a group of instructions 
that are provided to an instruction queue 248. The instruc 
tions from the instruction queue 248 cause registers to be 
loaded with data in a register file system with backup 250. 
The data to be loaded into the registers is requested from a 
cache system with backup 258, or in the event of a cache 
miss is requested from a multi-processor System. The values 
from the loaded register file system with backup 250 are 
provided to one or more execution boxes 252,254,256 (e.g., 
arithmetic logic units) which run through one or more delay 
boxes 260, 262, until registers can be updated based on 
executed results of an associated retired instruction. 

0087. The cache system with backup 258 is operative to 
receive a cache file backup index that points to a backup 
point of the cache System or a log that retains State infor 
mation associated with the cache corresponding with the 
State of the cache at a processor execution backup State. 
Additionally, the register file system with backup 250 is 
operative to receive a register file backup indeX that points 
to a backup point of the register file System or a log that 
retains State information corresponding with the State of the 
register file at a processor execution backup State. Further 
more, the pre-fetch engine 244 is operative to receive a 
backup instruction that backs up the program counter to a 
first user program instruction. 
0088 FIG. 8 illustrates an out-of-order pipeline 270 with 
backup capabilities. The out-of-order pipeline 270 includes 
a branch predictor 276, a pre-fetch engine 274 that includes 
a program counter (not shown) and an instruction cache 272. 
The pre-fetch engine 274 retrieves a group of instructions 
from the instruction cache 272 that are provided to a 
decode/register rename map 278. The decode/register 
rename map 278 decodes the register instructions and maps 
a Set of rename registers to a set of registers that can be 
updated once the instructions are ready to be retired. The 
decode/register rename component 278 provides a group of 
instructions to an instruction reorder queue 280. The instruc 
tion reorder queue 280 reorders the instruction to optimize 
execution. The instructions from the instruction reorder 
queue 280 cause registers to be loaded with data in a register 
file system with backup 282. The data to be loaded into the 
registers is requested from a cache System with backup 290, 
or in the event of a cache miss is requested from a multi 
processor System. The values from the loaded register file 
system with backup 282 are provided to one or more 
execution boxes 284, 286, 288 (e.g., arithmetic logic units), 
until registers can be updated based on executed results of an 
asSociated retired instruction, and the register rename map 
ping. 
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0089. The cache system with backup 290 is operative to 
receive a cache file backup indeX that points to a backup 
point of the cache System or a log that retains State infor 
mation associated with the cache corresponding with the 
State of the cache at a processor execution backup point. 
Additionally, the register file system with backup 282 is 
operative to receive a register file backup indeX that points 
to a backup point of the register file System or a log that 
retains State information corresponding with the State of the 
register file prior at a processor execution backup point. 
Furthermore, the pre-fetch engine 274 is operative to receive 
a backup instruction that backs up the program counter to a 
first user program instruction, and the register map associ 
ated with the decode/register rename map 278 is operative to 
be reset in the event of a processor backup. 
0090. In view of the foregoing structural and functional 
features described above, certain methods will be better 
appreciated with reference to FIGS. 9-11. It is to be under 
stood and appreciated that the illustrated actions, in other 
embodiments, may occur in different orders and/or concur 
rently with other actions. Moreover, not all illustrated fea 
tures may be required to implement a method. It is to be 
further understood that the following methodologies can be 
implemented in hardware (e.g., as one or more integrated 
circuits or circuit boards containing a plurality of micropro 
cessors), Software (e.g., as executable instructions running 
on one or more processors), or any combination thereof. 
0.091 FIG. 9 depicts a method employing a speculative 

fill in the event of a local cache miss in a multi-processor 
System. At 300, a Source request is transmitted by a Source 
node or processor in the event of a cache miss caused by a 
load or Store instruction of a processor pipeline. The pro 
cessor generates a new MAF entry if a previous MAF entry 
does not exist for that requested cache line. At 310, the 
Source processor begins pipeline execution based on a 
Speculative fill. The Source processor can receive specula 
tive fills from a local processor (e.g., a member of a 
multi-processor group), or a remote processor (e.g., non 
member of a multi-processor group). The speculative fill can 
also be provided by a speculative guess Structure operative 
to provide speculative fills, Such as a speculative engine 
(e.g., dedicated processor and/or memory) that returns 
Speculative copies of cache lines. The Speculative guess 
Structure can be a storage Structure local to the Source 
processor that maintains Speculative copies of cache lines in 
a table or Some other form. The methodology then proceeds 
to 320. 

0092. At 320, the backup fields in the MAF entry are 
updated as the processor pipeline executes. For example, an 
indeX into a cache backup System and an indeX into a register 
file backup System are Stored in the MAF entry. A register 
entry is Stored for each register that is a destination of a load 
instruction that accesses the same cache block as described 
by the MAF entry prior to the encountering of a first user 
program instruction and Subsequent to the instruction that 
causes the Source request. A not live at first user flag can be 
Set for registers that are overwritten prior to encountering a 
first user program instruction. If the first user program 
instruction is encountered a MAF entry live flag is Set and 
the address of the first user program instruction is Stored in 
the MAF entry. The methodology then proceeds to 330. 
0093. At 330, new fills are stored in the MAF entry 
asSociated with the Source request if a new fill is different 
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than the Speculative fill being executed by the processor 
pipeline. The Source can ignore new data fills that are Stored 
in the MAF entry if the coherent signal has not been 
received. Alternatively, if the new data fill is different from 
the Speculative fill used by the Source processor to continue 
execution, the processor can backup and re-execute program 
instructions. This may be the case if it is determined that a 
Subsequent fill is more likely coherent than the original fill 
employed by the processor to continue execution. 
0094. At 340, the source determines if a coherent signal 
has been received. For example, the Source can determine if 
a coherent Signal has been received by determining if a 
coherent flag residing in the MAF entry has changed State. 
If the coherent signal has not been received (NO), the 
methodology returns to 330 to wait for a new fill. If the 
coherent signal has been received (YES), the methodology 
proceeds to 350. At 350, the source compares the fill stored 
in the MAF entry (coherent fill) with the speculative fill 
provided to the processor pipeline. 
0095 At 360, the methodology determines if the specu 
lative fill employed by the processor is the same as the 
coherent fill. If the speculative fill is not the same as the 
coherent fill (NO), the methodology proceeds to 370 to 
provide the fill from the MAF entry to the processor pipe 
line. At 380, the processor pipeline execution is backed up 
by resetting the processor pipeline (e.g., program counter, 
cache, register file) to a processor execution backup point 
employing the backup fields in the MAF entry and loading 
the new coherent fill into respective registers. If the specu 
lative fill is the same as the coherent fill (YES) at 360, the 
methodology proceeds to 390 to provide the coherent signal 
to the processor pipeline. If the processor pipeline receives 
a coherent Signal without a new fill, the processor pipeline 
can continue executing. 
0096 FIG. 10 depicts a method for storing backup fields 
for backing up a processor pipeline in the event that a 
Speculative fill is non-coherent. After the processor pipeline 
begins execution with a speculative fill associated with a 
Source request, an indeX into a cache backup System is Stored 
in a MAF entry at 400. At 410, an index into a register file 
backup system is also stored into the MAF entry. At 420, 
register names and associated information with respect to 
register loads prior to a first user program instruction are 
stored in a register scoreboard in the MAF entry. A not live 
at first user flag is Set for any register that is overwritten prior 
to the first user program instruction. The methodology then 
proceeds to 430. 
0097. At 430, it is determined if a first user program 
instruction has been encountered prior to receipt of a coher 
ent fill. If the first user program instruction has not been 
encountered (NO), prior to receipt of a coherent fill, the 
methodology proceeds to 480. At 480, the registers in the 
register Scoreboard are reloaded with coherent data if the 
speculative fill is different than the coherent fill. The MAF 
entry is then removed and processor pipeline execution is 
continued at 490. If the first user program instruction has 
been encountered (YES) at 430, prior to receipt of a coherent 
fill, the methodology proceeds to 440. At 440, the MAF 
entry live flag is Set and the address of the first user program 
instruction is stored in the MAF entry. The methodology 
then proceeds to 450. 
0098. At 450, it is determined if a backup is to be 
initiated. A backup is initiated if a coherent fill is received 
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that is different than the speculative fill employed by the 
processor pipeline and if the MAF entry live flag is set. If a 
backup is not to be initiated (NO), the methodology pro 
ceeds to 490 to remove the MAF entry and to continue 
pipeline execution. If a backup is to be initiated (YES), the 
methodology proceeds to 460. At 460, the cache backup 
System is reset and the register file backup System is reset via 
respective indices stored in the MAF entry. At 470, the 
program counter is reset with the first user program instruc 
tion address. At 480, registers in the register Scoreboard are 
loaded with the new coherent fill data, except for the 
registers with the not live at first user flag set. If the 
processor pipeline is an out-of-order processor pipeline, the 
registers rename map can be reset. The methodology then 
proceeds to 490 where the MAF entry is removed and the 
pipeline continues execution. Additional MAF entries are 
examined and any Scoreboard entries or first user program 
instruction occurring later than the backup point are 
removed from the corresponding MAF entry scoreboard. 
0099 FIG. 11 depicts a method for executing a source 
request. At 500, program instructions are executed with a 
Speculative fill that is provided to a processor in response to 
a Source request. At 510, information is Stored correspond 
ing with a processor execution State associated with the 
speculative fill. At 520, the processor is backed up to the 
processor execution State, if the Speculative fill is deter 
mined to be non-coherent. 

0100 What have been described above are examples of 
the present invention. It is, of course, not possible to 
describe every conceivable combination of components or 
methodologies for purposes of describing the present inven 
tion, but one of ordinary skill in the art will recognize that 
many further combinations and permutations of the present 
invention are possible. Accordingly, the present invention is 
intended to embrace all Such alterations, modifications and 
variations that fall within the spirit and scope of the 
appended claims. 

What is claimed is: 
1. A multi-processor System comprising: 

a processor having a processor pipeline that executes 
program instructions with data from a speculative fill 
that is provided in response to a Source request; and 

a backup System that retains information associated with 
a previous processor execution State corresponding to 
an instruction associated with the Speculative fill, the 
backup System initiating a backup of the processor 
pipeline to the previous processor execution State if the 
Speculative fill is determined to be non-coherent, and 
the processor pipeline continuing execution of program 
instructions if the speculative fill is determined to be 
coherent. 

2. The system of claim wherein the backup system further 
comprises a register file backup System that retains register 
file State information associated with the previous processor 
execution State. 

3. The system of claim 2, wherein the backup system 
retains an indeX associated with the register file backup 
System to return the register file to a register State associated 
with the previous processor execution State. 
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4. The System of claim 1, wherein the backup System 
further comprises a cache backup System that retains cache 
State information associated with the previous processor 
execution State. 

5. The system of claim 4, wherein the backup system 
retains an indeX associated with the cache backup System to 
return the cache to a cache State associated with the previous 
processor execution State. 

6. The system of claim 1, wherein the backup system 
retains a first user program instruction address correspond 
ing to a first program instruction that employs data associ 
ated with the Source request, the backup System Setting a 
program counter of the processor pipeline to enable the 
processor pipeline to execute from the first user program 
instruction address if the speculative fill is determined to be 
non-coherent. 

7. The system of claim 6, wherein the backup system 
retains a register file list that determines which registers of 
a plurality of registers are destination of a program load 
instruction after a program instruction that causes the Source 
request and prior to the first user program instruction, the 
backup System loading registers on the register file list with 
coherent fill data if it is determined that the speculative fill 
is non-coherent. 

8. The system of claim 1, wherein the processor receives 
a coherent data fill from the multi-processor System after a 
Speculative fill is received in response to the Source request. 

9. The system of claim 1, wherein the processor receives 
a coherent signal generated by the multi-processor System 
that provides an indication of which data fill received by the 
processor is the coherent data fill. 

10. The system of claim 1, wherein the processor receives 
a speculative fill from at least one of a local cache, a local 
processor, a remote processor, a home node and a specula 
tive guess Structure. 

11. The system of claim 1, wherein the processor further 
comprises a request engine that generates a miss address file 
(MAF) entry associated with the source request, the MAF 
entry having a plurality of fields that retain backup infor 
mation that is employed by the backup System in the event 
that a backup is initiated. 

12. The system of claim 11, wherein the plurality of fields 
further comprises an indeX into a cache backup System, an 
indeX into a register file backup System and a first user 
program instruction address corresponding to a first program 
instruction that employs data from the Speculative fill. 

13. The system of claim 12, wherein the plurality of fields 
further comprising a register file Scoreboard that determines 
which registers are destinations of a load instruction after a 
program instruction that causes the Source request and prior 
to the first program instruction that employs data from the 
Speculative fill. 

14. The system of claim 13, wherein the backup system 
initiates a backup if Speculative fill data loaded in registers 
listed in the register file Scoreboard contains non-coherent 
data. 

15. The system of claim 13, wherein the register score 
board comprises a plurality of entries associated with the 
registers that are destinations of a load instruction, each of 
the plurality of entries include a register number, a unique 
number assigned at decode time, a location in a cache line 
being accessed by a corresponding load instruction associ 
ated with the Source request and a not live at first user flag 
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that indicates which registers have been overwritten by other 
program instructions before the first user program instruc 
tion is encountered. 

16. The system of claim 15, further comprising at least 
one additional MAF entry associated with at least one 
additional Subsequent request, the backup System removing 
register entries and first user program instruction addresses 
that occur later than the first user address instruction of the 
MAF entry in the event the backup system initiates a 
backup. 

17. The system of claim 11, wherein the plurality of fields 
further comprises a data fill field that retains a copy of a 
latest data fill associated with the Source request and a 
coherent flag field that indicates if a coherent Signal has been 
received by the processor. 

18. The system of claim 17, wherein the backup system 
retrieves a copy of the latest data fill associated with a 
coherent data fill in response to a change in State of the 
coherent flag, and compares the copy of the coherent data fill 
with the Speculative fill provided to the processor pipeline, 
the backup System provides the copy of the coherent data fill 
and the plurality of fields that retain backup information to 
the processor pipeline if the Speculative fill is not the same 
as coherent data fill and provides the coherent Signal to the 
processor pipeline if the Speculative fill is the same as the 
coherent data fill. 

19. The system of claim 1, wherein the processor pipeline 
comprises an out-of-order pipeline having a register rename 
map, the backup System resetting the register rename map if 
a backup is initiated. 

20. A System comprising: 

a plurality of processor nodes in communication with 
each other; 

a Source processor node comprising: 

a processor pipeline that executeS program instructions 
with a speculative data fill that is received in 
response to a Source request; and 

a backup System that retains processor pipeline State 
information related to the Source request; and 

the System employing a protocol that causes the System to 
provide a coherent Signal that can be employed to 
determine if the Speculative data fill is coherent, 
wherein the backup System returns the processor pipe 
line to a previous processor execution State if it is 
determined that the Speculative data fill is not coherent. 

21. The System of claim 20, the backup System compris 
ing: 

a register file backup System that retains register file State 
information associated with the previous processor 
execution State; 

a cache backup System that retains cache State information 
asSociated with the previous processor execution State; 
and 

the processor pipeline being operative to return to a 
program instruction related to the Source request. 

22. The System of claim 21, wherein the previous pro 
ceSSor execution State comprises a State where the processor 
pipeline is at a first user program instruction, the first user 
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program instruction corresponds to a first program instruc 
tion that employs the Speculative fill data associated with the 
Source request. 

23. The system of claim 22, wherein the backup system, 
in the event that the speculative fill is determined to be 
non-coherent, provides a coherent data fill to a local cache, 
Sets the register file backup System to a register file State 
asSociated with the previous processor execution State 
employing the register file State information, Sets the cache 
backup System to a cache State associated with the previous 
processor execution State employing the cache State infor 
mation, loads registers with coherent fill data that are 
destination of a load instruction after a load instruction that 
causes the Source request and prior to the first user program 
instruction, and Sets a program counter of the processor 
pipeline to the first user program instruction to initiate 
re-execution of program instructions with the coherent fill 
data. 

24. The system of claim 21, wherein the speculative data 
fill is non-coherent if it is determined that registers loaded 
with data from the Speculative fill contain non-coherent data. 

25. The system of claim 24, wherein the register file state 
information is Stored in a log associated with the register file 
backup System and the cache State information in Stored in 
a log associated with the cache backup System. 

26. The system of claim 20, wherein the source processor 
node generates a miss address file (MAF) entry associated 
with the Source request, the MAF entry having at least one 
field for Storing backup information, wherein the backup 
System employs the Stored backup information for returning 
to a State of the processor pipeline related to the Source 
request in the event that the Speculative fill is determined to 
be non-coherent. 

27. A miss address file (MAF) entry associated with a 
Source request provided by a Source processor in a multi 
processor System that employs Speculative fills, the MAF 
entry comprising: 

a field that identified an address of a cache line associated 
with the Source request, and 

at least one field that contains backup information that can 
be employed to return the Source processor to a previ 
OuS processor execution State if a speculative data fill 
employed by the Source processor corresponding to the 
Source request is determined to be non-coherent. 

28. The MAF entry of claim 27, wherein the at least one 
field comprises a field that contains an indeX into a cache 
backup System associated with the previous processor 
execution State, a field that contains an indeX into a register 
file backup System associated with the previous processor 
execution State, a field that contains a first user program 
instruction address corresponding to a first user program 
instruction that employs speculative fill data associated with 
the Source request, and a MAF entry live flag that indicates 
that a first user program instruction has been encountered, 
Such that a determination that a speculative fill is non 
coherent will cause the Source processor to backup to the 
previous processor execution State employing the at least 
one field. 
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29. The MAF entry of claim 27, wherein the at least one 
field comprises a register file Scoreboard that contains a 
plurality of entries to Store register numbers that are desti 
nation of a load instruction after a load instruction that 
causes the Source request and prior to the first user program 
instruction that employs data associated with the Source 
request. 

30. The MAF entry of claim 29, wherein each of the 
plurality of entries comprises a register number, a unique 
number assigned at decode time, a location in a cache line 
being accessed by the corresponding load instruction asso 
ciated with the Source request and a not live at first user flag 
that indicates which registers have been overwritten by 
another instruction before the first user program instruction 
is encountered. 

31. The MAF entry of claim 27, wherein the at least one 
field further comprises a data fill field for Storing at least one 
data fill received in response to a Source request and a 
coherent flag field that indicates if a coherent Signal has been 
received by the Source processor, the coherent signal indi 
cating if a coherent data fill has been provided in response 
to a Source request. 

32. A multi-processor System that employs a cache coher 
ency protocol, the System comprising: 
means for providing a Speculative data fill in response to 

a Source request issued by a Source processor, 
means for retaining backup information corresponding to 

a processor execution State at a first user program 
instruction, the first user program instruction corre 
sponds to a first program instruction that employs the 
Speculative fill data associated with the Source request; 

means for executing program instructions associated with 
the Source processor employing the Speculative data 
fill; and 

means for returning the processor execution to a processor 
execution State at the first user program instruction, if 
it is determined that the Speculative data fill contains 
non-coherent data. 

33. The system of claim 32, wherein the means for 
returning the processor execution comprises returning the 
means for executing program instructions to a first user 
program instruction address, returning a cache to a cache 
State corresponding to the first user program instruction, and 
returning a register file to a register file State corresponding 
to a first user program instruction employing the backup 
information. 

34. The system of claim 32, wherein the means for 
retaining backup information associated with the processor 
execution State comprising means for retaining a register file 
State and a cache State corresponding to the first user 
program instruction. 
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35. A method of executing program instructions employ 
ing a speculative fill in a multi-processor System, the method 
comprising: 

executing program instructions with data from a specu 
lative fill that is provided to a processor in response to 
a Source request, 

Storing information corresponding to a processor execu 
tion State associated with the Speculative fill; and 

backing the processor to the processor execution State 
based on the stored information, if data from the 
Speculative fill that is employed by the processor is 
determined to be non-coherent. 

36. The method of claim 35, wherein the storing infor 
mation comprises Storing an address associated with a first 
user program instruction corresponding to a first program 
instruction that employs data associated with the Speculative 
fill, and the backing the processor to the processor execution 
State compriseS resetting a processor program counter to the 
first user program instruction address. 

37. The method of claim 36, wherein the storing infor 
mation associated with a processor execution State related to 
an instruction that initiates the Source request comprises 
Storing register file State information and cache State infor 
mation based on the processor execution State. 

38. The method of claim 37, wherein the backing the 
processor to the processor execution State compriseS reset 
ting the processor to the first user program instruction, 
resetting the register file based on the register file State 
information and resetting the cache based on the cache State 
information. 

39. The method of claim 35, further comprising: 
generating a miss address file (MAF) entry associated 

with the Source request, and 
Storing information associated with the processor execu 

tion state in at least one field in the MAF entry. 
40. The method of claim 39, wherein the MAF entry 

comprises a field associated with a first user program 
instruction address corresponding to a first instruction that 
employs data associated with the Speculative fill, a field 
asSociated with a State of a register file at the processor 
execution State and a field associated with a State of a local 
cache at the processor execution State. 

41. The method of claim 35, wherein the backing the 
processor to the processor execution State further comprises 
resetting a register rename map. 

42. The method of claim 35, further comprising backing 
the processor to the processor execution State if data loaded 
into registers, prior to a first user program instruction and 
Subsequent to the instruction that invokes initiation of the 
Source request, is determined to contain non-coherent data. 
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